
C
j1

71
4

C
j1

72
2c

C
j1

72
3c

C
j1

72
8c

rp
lV

rp
sS

rp
lB

rp
lW rp

lD
rp

lC
rp

sJ

C
j1

70
9c

C
j1

71
0c

ks
gA

C
j1

71
2

C
j1

71
3

O
R
F01

90
5

C
j1

71
5

le
uD

le
uC

le
uB

le
uA

C
j1

72
4c

C
j1

72
5

m
et

A

m
et

B
flg

E2
ru

vC

M S A V

COLOR KEY
Information storage and processing; Translation, ribosomal structure and biogenesis
Information storage and processing; Transcription
Information storage and processing; DNA replication, recombination and repair
Cellular Processes; Cell division and chromosome partitioning
Cellular Processes; Posttranslational modification, protein turnover, chaperones
Cellular Processes; Cell envelope biogenesis, outer membrane
Cellular Processes; Cell motility and secretion
Cellular Processes; Inorganic ion transport and metabolism
Cellular Processes; Signal transduction mechanisms
Metabolism; Energy production and conversion
Metabolism; Carbohydrate transport and metabolism
Metabolism; Amino acid transport and metabolism
Metabolism; Nucleotide transport and metabolism
Metabolism; Coenzyme metabolism
Metabolism; Lipid metabolism
Metabolism; Secondary metabolites biosynthesis, transport and catabolism
Plasmid/Prophage
Toxin production, antibiotic resistance, and pathogenesis
Poorly characterized; General function prediction only
Poorly characterized; Function unknown
Unassigned

rp
sQ

rp
sC

C
j1

58
8c

C
j1

58
9

C
j1

61
8c

to
nB

2

C
j1

63
2c

C
j1

67
7

C
j1

67
8

C
j1

67
9

dpp
C

dpp
B

dpp
A

C
j1

58
5c

C
j1

58
6

C
j1

58
7c

in
fA

rp
m

J

rp
sM

rp
sK

rp
sD

rp
oA

rp
lQ

his
D

his
B

his
H

his
A

C
j1

60
2

his
F

his
I

dap
D

m
rp

C
j1

60
7

C
j1

60
8

C
j1

60
9

pgpA
rp

sT prf
A

C
j1

61
3c

ch
uA

ch
uB

ch
uC

kg
tP

m
utY

C
j1

62
1

rib
D

C
j1

62
3

sd
aA

sd
aC

C
j1

62
6c

C
j1

62
7c

ex
bB

2

ex
bD

2

C
j1

63
1c

C
j1

63
3

O
R
F01

82
4

ar
oC rn

c

rn
hA

C
j1

63
7c

dnaG

C
j1

63
9

C
j1

64
0

m
urE

C
j1

64
2

C
j1

64
3

is
pA tk

t

ia
m

B
ia

m
A

C
j1

64
8

m
ap

m
urI

C
j1

65
3c

nhaA
2

nhaA
1

C
j1

65
6c

C
j1

65
8

p19

C
j1

66
0

C
j1

66
1

C
j1

66
2

C
j1

66
3

C
j1

66
4

C
j1

66
5

C
j1

66
6c

C
j1

66
7c

C
j1

66
8c

C
j1

66
9c

C
j1

67
0c

C
j1

67
1c en

o
re

cA

C
j1

67
4

cy
sQ gltA

C
j1

68
4c

bio
B

to
pA

C
j1

68
7

se
cY rp

lO
rp

sE rp
lR

rp
lF

rp
sH

rp
sNrp

lE
rp

lX
rp

lN

S L R R H PCG L

C
j0

14
4

C
j0

17
0

C
j0

17
1

C
j0

20
3

pro
B

fm
t

birA

C
j0

10
0

C
j0

10
1

at
pF’

at
pF

at
pH

at
pA

at
pG

at
pD

at
pC

ex
bB

3

ex
bD

3

C
j0

11
1

C
j0

11
2

pa
l

C
j0

11
4

sl
yD

fa
bD pf

s

C
j0

11
8

C
j0

11
9

C
j0

12
0

C
j0

12
1

C
j0

12
2

C
j0

12
3c

C
j0

12
4c

C
j0

12
5c

C
j0

12
6c

ac
cD

C
j0

12
8c

C
j0

12
9c

ty
rA

C
j0

13
1

lp
xC

C
j0

13
3

th
rB

C
j0

13
5

in
fB

C
j0

13
7

C
j0

13
8

C
j0

13
9

C
j0

14
0

C
j0

14
1c

C
j0

14
2c

C
j0

14
3c

C
j0

14
5

tr
xB tr

x

C
j0

14
8c

hom

C
j0

15
0c

C
j0

15
1c

C
j0

15
2c

C
j0

15
3c

C
j0

15
4c

rp
m

E

C
j0

15
6c

C
j0

15
7c

C
j0

15
8c

C
j0

15
9c

C
j0

16
0c

m
oaA

C
j0

16
2c

C
j0

16
3c

ubiA
m

ia
A

C
j0

16
7c

C
j0

16
8c

so
dB

C
j0

17
2c

C
j0

17
3c

C
j0

17
4c

C
j0

17
5c

C
j0

17
6c

C
j0

17
7

C
j0

17
8

ex
bB

1

ex
bD

1

to
nB

1

C
j0

18
2

C
j0

18
3

C
j0

18
4c

C
j0

18
5c

C
j0

18
6c

purN

C
j0

18
8c

C
j0

18
9c

C
j0

19
0c

def
cl

pP tig
fo

lE fli
I

purF
dap

B

C
j0

19
8c

C
j0

19
9c

C
j0

20
0c

C
j0

20
1

C
j0

20
2

C
j0

20
4

E

bac
A

th
rS

in
fC

C
j0

20
8

11168

11168

11168

11168

11168

11168

11168

11168

11168

11168

11168

11168

11168

11168

11168

1221

1221

1221

1221

1221

1221

1221

1221

1221

1221

1221

1221

1221

1221

1221

C
j1

37
6

fe
oB

kp
sS

cy
sC

C
j1

41
6c

C
j1

41
7c

C
j1

41
8c

C
j1

41
9c

C
j1

42
0c

C
j1

42
2c

C
j1

42
6c

C
j1

42
7c

fc
l

C
j1

42
9c

C
j1

43
0c

C
j1

43
1c

C
j1

43
2c

C
j1

43
3c

C
j1

43
4c

C
j1

43
5c

C
j1

43
6c

C
j1

43
7c

C
j1

43
8c

glf C
j1

44
0c

kf
iD

C
j1

44
2c

m
af

4

C
j1

36
0c

m
af

3

m
af

3

m
af

5
fla

B
fla

A
m

af
6

m
af

7

C
j1

34
2c

C
j1

34
4c

C
j1

34
5c dxr

cd
sA

C
j1

34
8c

C
j1

34
9c

m
obA

pld
A

ce
uB

ce
uC

ce
uD

ce
uE

C
j1

35
6c

C
j1

35
7c

ppk

O
R
F01

56
2

O
R
F01

56
3

O
R
F01

56
4

ru
vB

am
aA

fu
m

C

C
j1

36
5c

glm
S

C
j1

36
7c

C
j1

36
8

C
j1

36
9

C
j1

37
0

C
j1

37
3

C
j1

37
4c

C
j1

37
5

C
j1

37
7c

se
lA

se
lB

C
j1

38
0

C
j1

38
1

fld
A

C
j1

38
3c

C
j1

38
4c

ka
tA

C
j1

38
6

C
j1

38
7c

C
j1

38
8

O
R
F01

59
2

O
R
F01

59
3

m
et

C

C
j1

39
4

O
R
F01

59
6

hyd
A
2

fa
bI

tp
iA

pgk

gap
A

C
j1

40
4

C
j1

40
5

C
j1

40
6c

C
j1

40
7c fli

L

ac
pS

C
j1

41
0c

C
j1

41
1c

C
j1

41
2c

kp
sC

O
R
F01

61
6

C
j1

42
1c

O
R
F01

61
8

O
R
F01

61
9

O
R
F01

62
0

O
R
F01

62
1

gm
hA

2

C
j1

42
5c

w
cb

K fc
l

O
R
F01

62
7

O
R
F01

62
8

O
R
F01

62
9

O
R
F01

63
0

kp
sD

kp
sE

kp
sT

kp
sM

C
j1

44
9c

C
j1

45
0

dut

C
j1

45
2

C
j1

45
3c

C
j1

45
4c

prf
B

C
j1

45
6c

S

tm
R
N
A

tm
R
N
A

C
j1

45
7c th

iL

C
j1

45
9

C
j1

46
0

C
j1

36
1c

C
j1

39
7

C
j1

42
3c

ptm
A

m
af

2

C
j1

22
2c

C
j1

22
3c

C
j1

22
4

C
j1

22
5

C
j1

22
6c

C
j1

22
7c

htr
A

cb
pA

hsp
R

ke
fB

C
j1

23
2

C
j1

23
3

gly
S

C
j1

23
5

C
j1

23
6

C
j1

23
7c

pdxJ
pdxA

C
j1

24
1

C
j1

24
2

hem
E

C
j1

24
4

C
j1

24
5c

uvr
C

C
j1

24
7c

guaA
purD

C
j1

25
1

C
j1

25
2

pnp

C
j1

25
8

porA

dnaJ
ra

cR
ra

cS
re

cR
hyd

D

hyd
C

hyd
B

hyd
A

C
j1

26
8c

am
iA

C
j1

27
0c

ty
rS

sp
oT

rp
oZ

pyr
H

C
j1

27
5c

C
j1

27
6c

C
j1

27
7c

C
j1

27
8c

C
j1

27
9c

C
j1

28
0c

m
rd

B
kt

rB
kt

rA

C
j1

28
5c upp

C
j1

28
7c

gltX
2

C
j1

28
9

ac
cC

ac
cB dcd

flm
A

C
j1

29
4

C
j1

29
5

C
j1

29
8

ac
pP2

C
j1

30
0

C
j1

30
2

fa
bH

2

ac
pP3

C
j1

30
7

O
R
F01

51
0

O
R
F01

51
1

O
R
F01

51
3

O
R
F01

51
4

O
R
F01

51
5

neu
A

C
j1

31
2

C
j1

24
9

C
j1

24
0c

C
j1

25
5

C
j1

25
7c

C
j1

29
6

C
j1

29
7

C
j1

30
1

C
j1

30
5c

C
j1

30
6c

C
j1

30
9c

C
j1

31
3

neu
B
3

m
af

1

neu
D

C
j1

32
2

C
j1

32
3

C
j1

32
4

C
j1

32
5

C
j1

32
6

his
F

his
H
2

pse
A
2

C
j1

31
9

C
j1

32
0

O
R
F01

52
7

ptm
C

ptm
D

ptm
E

ptm
F

ptm
B

M PN

ELEMENT 4

O
R
F01

43
6

O
R
F01

43
7

O
R
F01

43
8

O
R
F01

44
7

O
R
F01

44
8

O
R
F01

44
9

O
R
F01

45
0

O
R
F01

45
1

O
R
F01

45
2

O
R
F01

45
3

O
R
F01

45
4

O
R
F01

45
5

O
R
F01

45
6

O
R
F01

45
7

O
R
F01

45
8

O
R
F01

45
9

O
R
F01

46
0

O
R
F01

46
1

O
R
F01

46
2

O
R
F01

46
3

O
R
F01

46
4

O
R
F01

46
5

O
R
F01

46
6

O
R
F01

46
7

O
R
F01

46
8

O
R
F01

46
9

O
R
F01

47
0

O
R
F01

47
1

O
R
F01

47
2

O
R
F01

47
3

O
R
F01

47
4

O
R
F01

47
5

O
R
F01

47
6

O
R
F01

47
7

O
R
F01

47
8

O
R
F01

47
9

O
R
F01

48
0

O
R
F01

48
1

O
R
F01

48
2

O
R
F01

48
3

O
R
F01

48
4

O
R
F01

48
5

O
R
F01

48
6

O
R
F01

48
7

ac
pP4

C
j1

31
0c

kp
sF

C
j1
15

9c

O
R
F01

30
0

O
R
F01

29
4

O
R
F01

29
5

O
R
F01

29
6

O
R
F01

29
7

w
la

J
C
j1
13

6

C
j1
13

7c

C
j1
13

8

C
j1
13

9c

C
j1
14

0

neu
B
1

neu
C
1

neu
A
1

C
j1
14

4c

C
j1
14

5c

w
aa

V

w
aa

F

w
aa

E

w
aa

D

C
j1
15

2c

C
j1
15

3

C
j1
15

4c

C
j1
15

5c rh
o

dnaX

C
j1
15

8c

C
j1
16

1c

C
j1
16

9c

C
j1
17

0c ppi

C
j1
17

2c

C
j1
17

3

C
j1
17

4
ar

gS

C
j1
17

6c
gm

k

C
j1
17

8c fli
R

C
j1
18

0c ts
f

rp
sB cf

a

pet
C

pet
B

pet
A

ar
sB

gid
A

C
j1
18

9c

C
j1
19

0c

C
j1
19

1c
dct

A

C
j1
19

3c

C
j1
19

4
pyr

C
gpsA

gat
B

lu
xS

C
j1
19

9

C
j1

20
0

m
et

E
m

et
F

C
j1

20
3c

at
pB

ra
dA

fts
Y

C
j1

20
7c

C
j1

20
8

C
j1

20
9

C
j1

21
0

C
j1

21
1

rb
n

glc
D

C
j1

21
4c

C
j1

21
5

C
j1

21
6c

C
j1

21
7c

rib
A

C
j1

21
9c

gro
ES

C
j1
10

7
cl

pA
aa

t

C
j1
11

0c

Cj1
11

1c

C
j1
11

2c

C
j1
11

3

pss
A

C
j1
11

5c
fts

H
ch

eY
w
la

M
w
la

L

w
la

K
w
la

I

w
la

H
w
la

G
w
la

F
w
la

E
w
la

D
w
la

C
w
la

B
gal

E

C
j1
13

2c

w
aa

C
htr

B

C
j1
13

5

C
j1
16

0c

C
j1
16

2c

C
j1
16

3c

C
j1
16

4c

C
j1
16

5c

C
j1
16

6c ld
h

C
j1
16

8c

gro
EL

gm
hA

1

C
j1

00
7c

ar
oB

C
j1

00
9c tg

t

C
j1

01
1

C
j1

01
3c

liv
F

liv
G

liv
M

liv
H

liv
K

liv
J

C
j1

02
0c

as
d

C
j1

02
4c

C
j1

02
5c

C
j1

02
6c

gyr
A

C
j1

02
8c

m
ap

A
le

pA

C
j1

03
1

C
j1

03
2

C
j1

03
3

C
j1

03
4c

C
j1

03
5c

C
j1

03
6c

pyc
A

fts
W

m
urG

C
j1

04
0c

C
j1

04
1c

C
j1

04
2c

C
j1

04
3c

th
iH

th
iG

m
oeB

dap
E

C
j1

04
9c

C
j1

05
0c

cj
eI

m
utS

C
j1

05
3c

m
urC

C
j1

05
6c

C
j1

05
7c

guaB
gat

A

C
j1

06
0c

ile
S

C
j1

06
2

C
j1

06
3

rd
xA

2

pgsA

C
j1

06
8

ss
b

rp
sF

rp
sR lo

n

C
j1

07
4c

C
j1

07
5

pro
C

C
j1

07
7

C
j1

07
8

C
j1

07
9

C
j1

08
0c

th
iE

th
iD

C
j1

08
3c

C
j1

08
4c

m
fd

C
j1

08
6c

C
j1

08
7c

fo
lC

C
j1

08
9c

C
j1

09
0c

le
uS

se
cF

se
cD

C
j1

09
4c

C
j1

09
5

m
et

K

C
j1

09
7

pyr
B

C
j1

09
9

C
j1

10
0

uvr
D

tr
uB

cs
rA

C
j1

10
4

sm
pB

C
j1

10
6

C
j1

04
7c

C
j1

05
5c

C
j1

06
9

R

O
R
F01

10
8

O
R
F01

10
9

O
R
F01

11
0

O
R
F01

11
1

O
R
F01

11
2

O
R
F01

11
3

O
R
F01

11
4

O
R
F01

11
5

O
R
F01

11
6

O
R
F01

11
7

O
R
F01

11
8

O
R
F01

11
9

O
R
F01

12
0

O
R
F01

12
1

O
R
F01

12
2

O
R
F01

12
3

O
R
F01

12
4

O
R
F01

12
6

O
R
F01

12
7

O
R
F01

12
8

O
R
F01

13
0

O
R
F01

13
3

O
R
F01

13
4

O
R
F01

13
5

O
R
F01

13
6

O
R
F01

13
7

O
R
F01

13
8

O
R
F01

13
9

O
R
F01

14
0

O
R
F01

14
1

O
R
F01

14
2

O
R
F01

14
3

O
R
F01

14
4

O
R
F01

14
5

O
R
F01

14
6

O
R
F01

14
7

O
R
F01

14
8

O
R
F01

14
9

O
R
F01

15
0

O
R
F01

15
1

O
R
F01

15
2

O
R
F01

15
3

O
R
F01

15
4

O
R
F01

15
5

O
R
F01

15
6

O
R
F01

15
7

O
R
F01

15
8

O
R
F01

15
9

O
R
F01

16
0

O
R
F01

16
1

O
R
F01

16
2

O
R
F01

16
3

O
R
F01

16
4

O
R
F01

16
5

O
R
F01

16
6

O
R
F01

16
7

O
R
F01

16
8

O
R
F01

16
9

O
R
F01

17
0

O
R
F01

12
9

ELEMENT 3

rd
xA

C
j1

01
2c

pheT
pheS

C
j0

89
8

th
iJ

C
j0

90
0c

C
j0

90
1

gln
Q

C
j0

90
3c al

r

C
j0

90
6c

C
j0

90
8

C
j0

90
9

C
j0

91
0

C
j0

91
1

cy
sM hup

ci
aB

C
j0

91
5

C
j0

91
6c

cs
tA

prs
A

C
j0

91
9c

peb
1a

peb
1b

peb
1c

ch
eR

ch
eB

’
rp

iB

C
j0

92
6

ap
t

C
j0

92
8

pep
A

C
j0

93
0

ar
gH

pck
A

pyc
B

C
j0

93
4c

C
j0

93
5c

at
pE

C
j0

93
7

aa
s

C
j0

93
9c

gln
P

C
j0

94
1c

se
cA

C
j0

94
3

C
j0

94
4c

C
j0

94
5c

C
j0

94
6

C
j0

94
7c

C
j0

94
8c

C
j0

94
9c

C
j0

95
0c

C
j0

95
1c

C
j0

95
2c

purH

C
j0

95
4c

purL

th
dF

C
j0

95
7c

C
j0

95
8c

C
j0

95
9c

rn
pA

rp
m

H

C
j0

96
2

C
j0

96
3

C
j0

96
4

C
j0

96
5c

O
R
F01

06
4

O
R
F01

06
5

O
R
F01

06
6

O
R
F01

06
7

C
j0

97
2

C
j0

97
3

C
j0

97
6

C
j0

97
7

C
j0

97
8c

C
j0

97
9c

C
j0

98
0

C
j0

98
1c

C
j0

98
2c

C
j0

98
3

C
j0

98
4

hip
O

C
j0

98
7c

C
j0

98
9

C
j0

99
1c

hem
N

C
j0

99
3c

ar
gF

hem
B

rib
A

gid
B

C
j0

99
8c

C
j0

99
9c

C
j1

00
0

rp
oD

C
j1

00
2c

C
j1

00
3c

C
j1

00
4

fts
H2

C
j1

00
6c

C
j0

96
7

C
j0

96
8

C
j0

97
0

C
j0

97
4

C
j0

97
5

C
j0

98
6c

C
j0

98
8c

C
j0

99
0c

D DV VK KL

C
j0

97
1

C
j0

81
8

C
j0

81
9

nap
G

nap
H

nap
B

C
j0

78
4

nap
D

C
j0

78
6

C
j0

78
9

purU

C
j0

79
1c

C
j0

79
2

C
j0

79
3

C
j0

79
4

m
urF

C
j0

79
6c

C
j0

79
7c

ddlA
ru

vA

C
j0

80
0c

m
vi

N
cy

sS

m
sb

A
pyr

D

C
j0

80
5

dap
A

C
j0

80
7

C
j0

80
8c

C
j0

80
9c

nad
E

lp
xK th

rC
kd

sB

O
R
F00

91
2

gln
H

fli
P

glm
U dfp

C
j0

82
3

uppS

C
j0

82
5

C
j0

82
6

tr
uA

ilv
A

tr
m

A

C
j0

83
2c

C
j0

83
3c

C
j0

83
4c

ac
nB

ogt

C
j0

83
7c

m
et

S

C
j0

83
9c fb

p

C
j0

84
1c

C
j0

84
2

C
j0

84
3c

C
j0

84
4c

gltX

C
j0

84
6

ps
d

C
j0

84
8c

C
j0

84
9c

C
j0

85
0c

C
j0

85
1c

C
j0

85
2c

hem
L

C
j0

85
4c

fo
lD

le
pP

m
oeA

m
urA

C
j0

85
9c

C
j0

86
0

pab
A

pab
B

C
j0

88
1c

flh
A

C
j0

88
3c

rp
sO

nap
A

C
j0

82
9c

C
j0

83
0

fts
K

fla
D

C
j0

88
8c

C
j0

88
9c

C
j0

89
0c

se
rA

O
R
F00

98
4

rp
sA ly

tB
ar

oA

L G

xe
rD

dsb
A

dsb
B

O
R
F00

96
0

O
R
F00

96
1

O
R
F00

96
2

O
R
F00

96
3

O
R
F00

96
4

O
R
F00

96
5

O
R
F00

96
7

C
j0

87
6c

C
j0

86
4

C
j0

87
3c

C
j0

87
4c

C
j0

87
6c

tp
x

C
j0

87
9c

C
j0

88
0c

C
j0

87
8

C
j0

87
7c

dsb
A
2

kd
pA

kd
pB

kd
pC

kd
pD

dcu
B

C
j0

74
7

C
j0

74
8

C
j0

68
5c

C
j0

73
5

C
j0

73
6

C
j0

73
7

C
j0

73
8

C
j0

73
9

C
j0

74
0

C
j0

74
1

uvr
B

C
j0

68
1

C
j0

68
2

C
j0

68
3

priA

gcp
E

flg
H pta

ac
kA

C
j0

69
0c

C
j0

69
1

C
j0

69
2c

C
j0

69
3c

C
j0

69
4

fts
A

fts
Z

flg
G
2

flg
G

gln
A

C
j0

70
0

C
j0

70
1

purE

C
j0

70
3

gly
Q

C
j0

70
5

C
j0

70
6

kd
tA

C
j0

70
8 ffh

rp
sP

C
j0

71
1

rim
M

tr
m

D
rp

lS

C
j0

71
5

C
j0

71
6

C
j0

71
7

dnaE

C
j0

71
9c

fla
C

C
j0

72
1c

C
j0

72
2c

C
j0

72
3c

C
j0

72
4

m
og

co
rA

C
j0

72
7

C
j0

72
8

C
j0

72
9

C
j0

73
0

C
j0

73
1

C
j0

73
2

C
j0

73
3

his
J

O
R
F00

84
4

O
R
F00

84
5

O
R
F00

84
8

O
R
F00

84
9

O
R
F00

85
0

O
R
F00

85
1

O
R
F00

85
2

cf
rA

hrc
A

grp
E

dnaK

C
j0

76
0

C
j0

76
1

as
pB

cy
sE

sp
eA

his
S

tm
k

kd
tB

C
j0

76
8c

C
j0

76
9c

C
j0

77
0c

C
j0

77
1c

C
j0

77
2c

C
j0

77
3c

C
j0

77
4c

va
lS

C
j0

77
6c

C
j0

77
7

peb
2

16S 23S 5S
A I

rrnC to
nB

3

C
j0

55
5

C
j0

55
6

C
j0

55
7c

pro
A

C
j0

56
0

C
j0

55
9

O
R
F00

66
5

O
R
F00

66
6

O
R
F00

66
7

C
j0

56
6

C
j0

56
7

C
j0

56
8

C
j0

56
9

C
j0

57
0

C
j0

56
1c

dnaB

C
j0

56
3

C
j0

62
8

C
j0

62
9

C
j0

57
1

rib
A
2

C
j0

57
3

ilv
B

ilv
H

lp
xD

queA
m

ttB

C
j0

57
9c

C
j0

58
0c

C
j0

58
1

ly
sC

C
j0

58
3

C
j0

58
4

fo
lP

lig
A

C
j0

58
7

tly
A

rib
F

C
j0

59
0

C
j0

59
1c

C
j0

59
2c

C
j0

59
3c

C
j0

59
4c nth

peb
4

C
j0

59
8

C
j0

59
9

C
j0

60
0

C
j0

60
1c

C
j0

60
2c

dsb
D

C
j0

60
4

C
j0

60
5fb

a

C
j0

60
6

C
j0

60
7

C
j0

60
8

C
j0

60
9c

C
j0

61
0c

C
j0

61
1c cf

t

pst
S

pst
C

pst
A

pst
B

C
j0

61
7

C
j0

61
8

C
j0

61
9

C
j0

62
0

C
j0

62
1

hyp
F

hyp
B

hyp
C

hyp
D

hyp
E

hyp
A

O
R
F00

72
7

O
R
F00

72
8

va
cB ilv

C

C
j0

63
3

C
j0

63
4

C
j0

63
5

C
j0

63
6

m
sr

A
ppa

ad
k

as
pS

C
j0

64
1

re
cN

C
j0

64
3

C
j0

64
4

C
j0

64
5

C
j0

64
6

C
j0

64
7

C
j0

64
8

C
j0

64
9

C
j0

65
0

C
j0

65
1

pbpC

C
j0

65
3c

C
j0

66
0c

M Q

O
R
F00

75
3

O
R
F00

75
4

O
R
F00

75
5

O
R
F00

75
6

O
R
F00

75
7

O
R
F00

75
8

O
R
F00

75
9

C
j0

56
4

er
a

hsl
U

hsl
V

ar
gG

C
j0

66
7

C
j0

66
8

C
j0

66
9

rp
oN

rp
lI

C
j0

65
9c

C
j0

63
0c

C
j0

54
4

hem
C

C
j0

54
6

fla
G

fli
D

fli
S

C
j0

55
0

ef
p

C
j0

55
2

C
j0

55
3

C
j0

55
4

rn
pB

C
j0

44
8c

C
j0

44
9c

rp
m

B rp
e

dnaQ

C
j0

45
4c

C
j0

45
5c

C
j0

45
6c

C
j0

45
7c

m
ia

B

C
j0

45
9c

nusA

C
j0

46
1c

C
j0

46
2

C
j0

46
3

re
cG

C
j0

46
5c

C
j0

46
6

C
j0

46
7

C
j0

46
8

C
j0

46
9

tu
f

rp
m

G
se

cE
nusG

rp
lK

rp
lA

rp
lJ

rp
lL

rp
oB

rp
oC

C
j0

48
0c

C
j0

48
1

uxa
A
’

uxa
A
’

C
j0

48
4

C
j0

48
5

fu
cP

C
j0

48
7

C
j0

48
8

al
d’

rp
sL

rp
sG

fu
sA

O
R
F00

54
3

O
R
F00

54
4

O
R
F00

54
5

O
R
F00

54
6

O
R
F00

54
7

O
R
F00

54
8

O
R
F00

54
9

O
R
F00

55
0

O
R
F00

55
1

O
R
F00

55
2

O
R
F00

55
3

O
R
F00

55
4

O
R
F00

55
5

O
R
F00

55
6

O
R
F00

55
7

O
R
F00

55
8

O
R
F00

55
9

O
R
F00

56
0

O
R
F00

56
1

O
R
F00

56
2

O
R
F00

56
3

O
R
F00

56
4

O
R
F00

56
5

O
R
F00

56
6

O
R
F00

56
7

O
R
F00

56
8

O
R
F00

56
9

O
R
F00

57
0

O
R
F00

57
1

O
R
F00

57
2

O
R
F00

57
3

O
R
F00

57
4

O
R
F00

57
5

O
R
F00

57
6

O
R
F00

57
7

O
R
F00

57
8

O
R
F00

57
9

O
R
F00

58
0

O
R
F00

58
1

O
R
F00

58
2

O
R
F00

58
3

O
R
F00

58
4

O
R
F00

58
5

O
R
F00

58
6

O
R
F00

58
7

O
R
F00

58
8

O
R
F00

58
9

O
R
F00

59
0

O
R
F00

59
1

O
R
F00

59
2

O
R
F00

59
3

O
R
F00

59
4

O
R
F00

59
5

O
R
F00

54
0

O
R
F00

54
1

O
R
F00

54
2

C
j0

49
4

C
j0

49
5

C
j0

49
6

C
j0

49
7

tr
pC

C
j0

49
9

C
j0

50
0

O
R
F00

60
2

O
R
F00

60
3

O
R
F00

60
4

hem
H

C
j0

50
4c

C
j0

50
5c

al
aS

m
af

pbpA
cl

pB

C
j0

51
0c

C
j0

51
1

purC

C
j0

51
3

purQ

C
j0

51
5

pls
C

cr
cB

htp
G

C
j0

51
9

C
j0

52
0

C
j0

52
4

pbpB
fli

E
flg

C
flg

B

C
j0

52
9c

C
j0

53
0

ic
d

m
dh

su
cC

su
cD

oorD
oorA

oorB
oorC

C
j0

53
9

C
j0

54
0

C
j0

54
1

hem
A

pro
S

RWT Y G T

ELEMENT 2

O
R
F00

38
4

O
R
F00

38
5

O
R
F00

38
6

O
R
F00

45
9

O
R
F00

46
5

O
R
F00

46
7

sd
hA

sd
hB

sd
hC

C
j0

44
0c

ac
pP

fa
bF

ac
cA

O
R
F00

48
7

O
R
F00

48
8

O
R
F00

48
9

O
R
F00

49
0

O
R
F00

49
1

C
j0

34
4

C
j0

41
6

C
j0

41
7

C
j0

42
2c

C
j0

42
3

C
j0

42
4

C
j0

42
5

C
j0

34
1c

uvr
A

tr
pE

tr
pD

tr
pF

tr
pB

tr
pA

C
j0

35
0

fli
N

C
j0

35
2

C
j0

35
3c

fd
xB

C
j0

35
5c

C
j0

35
6c

C
j0

35
7c

C
j0

35
8

C
j0

36
0

ls
pA

C
j0

36
2

C
j0

36
3c

C
j0

36
4

C
j0

36
5c

C
j0

36
6c

C
j0

36
7c

C
j0

36
8c

C
j0

36
9c

rp
sU

C
j0

37
1

C
j0

37
2

C
j0

37
3

C
j0

37
4

C
j0

37
5

C
j0

37
6

C
j0

37
7

C
j0

37
8c

C
j0

37
9c

C
j0

38
0c

pyr
F

nusB
rib

H

C
j0

38
5c

C
j0

38
6

ar
oK

tr
pS

se
rS

C
j0

39
0

C
j0

39
1c

pyk

C
j0

39
3c

C
j0

39
4c

kd
sA

C
j0

39
5c

C
j0

39
6c

C
j0

39
7c

gat
C

C
j0

39
9

fu
r

ly
sS

gly
A

C
j0

40
3

C
j0

40
4

ar
oE

C
j0

40
6c lg

t
fr
dC

fr
dA

fr
dB

C
j0

41
1

C
j0

41
2

C
j0

41
3

C
j0

41
4

C
j0

41
5

C
j0

41
9

C
j0

42
0

C
j0

42
1c

C
j0

42
6

C
j0

42
7

C
j0

42
8

C
j0

42
9c

C
j0

43
0

C
j0

43
1

m
urD

m
ra

Y
pgm

fa
bG

C
j0

43
6

16S 23S 5S
A I

rrnB C
j0

44
7

C
j0

41
8c

C
j0

00
8

C
j0

05
5c

C
j0

05
6c

C
j0

07
0c

C
j0

01
4c

dnaA

dnaN
gyr

B

C
j0

00
4c

C
j0

00
5c

C
j0

00
6

gltB gltD
rn

hB

C
j0

01
1c

C
j0

01
2c

ilv
D

C
j0

01
5c

C
j0

01
6

C
j0

01
7c

C
j0

01
8c

C
j0

01
9c

C
j0

02
0c

C
j0

02
1c

C
j0

02
2c

purB
nrd

A
gltP

C
j0

02
6c

pyr
G

re
cJ

an
sA

C
j0

03
0

O
R
F00

03
1

C
j0

03
3

C
j0

03
4c

C
j0

03
5c

C
j0

03
6

C
j0

03
7c

C
j0

03
8c

ty
pA

C
j0

04
0

C
j0

04
1

flg
D

flg
E

C
j0

04
4c

C
j0

04
5c

O
R
F00

04
6

O
R
F00

04
7

O
R
F00

04
8

O
R
F00

04
9

tr
m

U

C
j0

05
4c

O
R
F00

05
3

O
R
F00

05
4

O
R
F00

05
5

O
R
F00

05
6

C
j0

05
7

C
j0

05
8

fli
Y

fli
M fli

A

C
j0

06
2c

m
in

D
flh

F
fo

lK
ar

oQ

C
j0

06
7

psp
A

C
j0

06
9

C
j0

07
4c

C
j0

07
5c

lc
tP

cd
tC

cd
tB

cd
tA

C
j0

08
0

cy
dA

cy
dB

ung

as
pA

dcu
A

C
j0

08
9

C
j0

09
0

O
R
F00

07
0

O
R
F00

07
1

O
R
F00

07
2

O
R
F00

08
3

16S 23S 5S
A I

rrnA C
j0

09
1

C
j0

09
2

C
j0

09
3

rp
lU
rp

m
A

C
j0

09
6

11168
1221

C
j0

08
5c

C
j0

07
3c

C
j0

24
1c

C
j0

24
7c

C
j0

25
1c

C
j0

26
0c

C
j0

26
4c

C
j0

26
5c

C
j0

29
5

C
j0

30
9c

ar
gC

C
j0

22
5

ar
gB

ar
gD

pcm

C
j0

22
9

C
j0

23
0c

nrd
B

C
j0

23
2c

pyr
E fr

r

se
cG

C
j0

23
6c

cy
nT

C
j0

23
8

C
j0

23
9c

C
j0

24
0c

C
j0

24
3c

rp
m

I
rp

lT

C
j0

24
6c

C
j0

24
8

C
j0

24
9

C
j0

25
0c

O
R
F00

29
8

m
oaC

C
j0

25
3

C
j0

25
4

xt
h

C
j0

25
6

dgkA

C
j0

25
8

pyr
C
2

O
R
F00

30
7

C
j0

26
2c

C
j0

26
3

O
R
F00

31
1

C
j0

26
7c

C
j0

26
8c

ilv
E

C
j0

27
0

bcp

C
j0

27
2

fa
bZ

lp
xA

cl
pX

m
re

B

C
j0

27
7

ca
rB

C
j0

28
0

ta
l

se
rB

ch
eW ch

eA

ch
eV

C
j0

28
6c

gre
A

lp
xB

peb
3

glp
T

su
rE

C
j2

94

pa
nD

pa
nC

pa
nB

C
j0

29
9

m
odC

m
odB

C
j0

30
2c

m
odA

bio
C

C
j0

30
5c

bio
F

bio
A

bio
D

C
j0

31
0c

C
j0

31
1

pth

C
j0

31
3

ly
sA

C
j0

31
5

pheA
his

C
fli

F
fli

G
fli

H
dxs

per
R

C
j0

32
3

ubiE
xs

eA
se

rC

C
j0

32
7

fa
bH

pls
X

rp
m

F

C
j0

33
1c

ndk
fd

xA

ah
pC

flh
B

pom
B

pom
A

polA

C
j0

33
9

C
j0

34
0

O
R
F00

20
8

O
R
F00

20
9

O
R
F00

21
0

O
R
F00

21
1

O
R
F00

21
2

O
R
F00

21
3

O
R
F00

21
4

m
om

O
R
F00

21
6

O
R
F00

21
7

O
R
F00

21
8

O
R
F00

21
9

O
R
F00

22
0

O
R
F00

22
1

O
R
F00

22
2

O
R
F00

22
3

O
R
F00

22
4

O
R
F00

22
5

O
R
F00

22
6

O
R
F00

22
7

O
R
F00

22
8

O
R
F00

22
9

O
R
F00

23
0

O
R
F00

23
1

O
R
F00

23
2

O
R
F00

23
3

O
R
F00

23
4

O
R
F00

23
5

O
R
F00

23
6

O
R
F00

23
7

O
R
F00

23
8

O
R
F00

23
9

O
R
F00

24
0

O
R
F00

24
1

O
R
F00

24
2

O
R
F00

24
3

O
R
F00

24
4

O
R
F00

24
5

O
R
F00

24
6

O
R
F00

24
7

O
R
F00

24
8

O
R
F00

24
9

dns

O
R
F00

25
1

O
R
F00

25
2

O
R
F00

25
3

O
R
F00

25
4

O
R
F00

25
5

O
R
F00

25
6

O
R
F00

25
7

O
R
F00

25
8

O
R
F00

25
9

O
R
F00

26
0

O
R
F00

26
1

O
R
F00

26
2

m
uB

m
uA

ner

m
uC

O
R
F00

26
7

O
R
F00

26
8

ELEMENT 1 (mu prophage)
C
j0

26
1c

C
j0

26
6c

hsd(E)

hsd(AB)

capsule

los

pgl

fm

fm

The C. jejuni strain RM1221 contains 
four elements that are not found in 
strain NCTC 11168.  The first of these 
elements (circled) represents a novel 
Campylobacter mu (mutator) phage 
similar to the mu phage of 
Escherichia coli (pictured, left).  
Mutator phage DNA inserts randomly 
into the bacterial genome and often 
inactivates bacterial genes.  Several 
toxins involved in virulence (e.g. 
shiga (O157:H7) and diphtheria toxin) 
are present on phage.  Experiments 
are underway to determine if 
virulence genes are present on these 
unique elements.
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Hup

Matrix-assisted laser desorption ionization-
time of flight mass spectrometry (MALDI-TOF 
MS) is being tested as a rapid and accurate 
technique for fingerprinting bacteria for 
species and/or strain differentiation.  A 
typical spectrum (pictured left for RM1221) 
reveals multiple, soluble, low molecular-
weight proteins.  One such protein is the 
DNA-binding protein Hup.  While the Hup 
proteins of RM1221 and NCTC 11168 have the 
same mass, Hup proteins from different 
Campylobacter species have different 
masses.  Therefore, Hup is a candidate 
biomarker for species/subspecies 
identification.  Other proteins are being 
investigated as potential biomarkers for 
differentiation at the strain level. 
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Comparative genomics of two strains of the human pathogen Campylobacter jejuni reveals differences 
* *important in Campylobacter biology and identification.  Miller, W., Fouts, D. , Parker, C., Nelson, K. , Harden, L., 

*Haddon, W., and Mandrell, R.  USDA, ARS, WRRC and The Institute for Genomic Research (TIGR ).

Capsule

LOS

LOS outer core structure of NCTC 11168

The LOS, capsule, and flagellar modification (FM) loci are involved 
in the biosynthesis and modification of Campylobacter surface 
structures.  The capsule region is primarily responsible for the 
Campylobacter heat stable (Penner) serotype while the flagellar 
modification locus is primarily responsible for the heat labile (Lior) 
serotype.  Certain LOS structures have been implicated in Guillain-
Barre syndrome, a potentially fatal autoimmune disorder of the 
human nervous system.  48 Penner serotypes have been described 
in C. jejuni.  NCTC 11168 and RM1221 have different serotypes, an 
obvious reflection of their different genetic makeup at these 3 loci.
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